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By T. V. Cooney and W i l l i a m  S. AIM, Jr . 

Ioads asd deformations memured on the  horizontal tail o f  a jet- 
powered  bomber airplane in ten wfnd-up right+- maneuvers and one 
gradual pull+@ are  presented fn time-historg form. The data were 
obtained at a pressure altitude of 30,000 feet  and covered a Mach  number 
range f r o m  0.38 t o  0.78 wTth acceieraticma up t o  2.933. The measured 
horizontal-tail loads w-ere lees than 6000 pounds and the deformations 
were small. The level-fli&t  trim t a i l  load increased in the down 
direction wTth fncreasing Mach nmiber up t o  M = 0.74. A t  Mach numbers 
akave 0.74 the tail load required f o r  level flight decreased. 

INTRODUCTION 

The National Aavisorg Cormittee for Aeronautics is currently con- 
ducting a flight  investigation t o  determfne the tail loads on a jet- 
bomber airplane. For this investigation a €+&A airplane has been 
instrumented with strak gages f o r  the measummnts of the loads on the 
horizontal t a i l ,   ver t ica l   t a i l ,  and wing asd with additional instruments 
for the measurements of the deformations which occur fn the elevators, 
the  stabilizers, and the fuselage due t o  aeroaynamic and inertia loads. 

Some Fmmediate results showing the  horizontal-tail loads and defor- 
mations m e  presented Fn thie paser. The data were obtained from ten 
wind-up right4urn mBseuvBrs and m e  padual pull-up covering accelera- 
tions up t o  2.958 end a Mach number range from 0.38 t o  0.78 at a pres- 
sure altitude of 30,000 feet. 



2 - NACA RM L50B2-k 

Time h is tor ies  of a steady-flight run, pull-ups, and wind-up turns 
at 15,000 f e e t  have prev-lously been reporbed in reference 1, and tine 
his tor ies  of a right and a l e f t  r o l l  at 15,000 f e e t  have  been reported 
in reference 2. 

The airplane used for %hie Fnveetigation is a M ? A .  Figure 1 is 
a three-view drawing of the  atrplane showing the approximate locations 
of the load- and deflection-measura  devices.  

Standard NACA photowaphic  recording ins tmnts  were used t o  
measure airspeed;  al t i tude; rolling, pitchin@;, and yawdng veloci t ies ;  
s ides l ip  angle; accelerations;  control  forces; and control  positions. 
Normal, transverse, and longitudiaal  accelerations wem measured a t  the 
airplane  center of  gra'vity and at flrselage s ta t ion  714 (approx. the 
l/4 root  chord of  the  horizontal  ta i l ) .  Measuremsnts of normal accel- 
erations were a l s o  mabe at the mldsemispan and t f p  of the right and l e f t  
e tabi l izers .  

An airspeed boom W&E mounted at the l e f t  win@; t i p  with the afrspeed 
head approximately 1 local chord ahead of  the lead- edge. The r e su l t s  
of a flight cal ibrat ion of  the  airspeed Bystem f o r  p o ~ l t i o n   e m r  and an 
enalysis of available data f o r  a similar instal la t ion  indicate  that the 
measured Mach  number d i f f e r s  from the true Mach  number by less than b . 0 1  
throughout the t e s t  range. A sideslipangle recorder -as munted on a 
boom extending approximately I local chord ahead of  the right w i n g  at 
the t i p .  

Electrical-esistance strain-age bridges were installed on each 
spar f o r  shear a d  b e n d w m e n t  measurements at s ta t fon  18 on both 
sides of the horizon%& tail.  In addition,  strain-age bridges were 
installed on the elevator and rudder hinges and torque  tubes in order 
t o  permit measurements of  10- &d torques on these control surfa~~s. 
Twist b m s  were instetlled in  the   hor izonta l   s tab i l izers   to  measure the 
twist of the   s tab i l izer  midsemispan and t i p  with  respect  to  the  root. 

Control-posftion  transmitters were mounted at the root and t i p  of  
each  elevator. These transmittere were wired so a~ to   give  the differ- 
ence in elevator asgle at the two stations due t o  t w f s t  af the elevator 
r e l a t ive   t o  the stabilizer.  Additional  control-osition  trazmnitters 
fnstal-led at the root  of  the  elevator were used t o  measure the  elevator 
position. The posit ions of t h e  rudder, ai lerons,  Euld elevator  sprfng- 
loaded  tabs were also measured by control-position  transmitters. The 
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output From the  st& gages and twist-meamring  devices was  recorded 
on two l&haSnel oscillographs. A A- second tFme pulse was used t o  

correlate  the  recorda f m m  all recording instruments. 
10 

The horizontal-tail loads and defomatione  together wtth related 
paramters  masured in ten wind- rightdurn maneuver8 and one gradual 
pull-up at an ,a l t i tude  of 30,000 feet ase presented in time-history 
form in figures 2 t o  12. All r u m  were made with power on and with 
the airplane in the clean condition. A t  the st& of each r u n  the 
airplase waa trimmed in level  f l ight.   Information  pertain-  to the 
conditione of flight during each maneuver is sumnwized in tab le  I. 

T3.w t a i l  loads presented are aerodynamic loads and were obtained 
f r o m  the strain-gage measurements (structural load) by the addition of  
an i n e r t i a  load. The inertia load is equal to the welght of the  tail 
outboard of t h e  strain-age stat ion  mult ipl ied by n -1, where n is 
t he  t a i l  no- acceleration. 

The estlmated  accuracies f o r  the quantities  presented a m  given in 
the following  table and 856 based solely on the sensitivity of the 
reco rd ing  equipment, assuming the  recorda can be read mcurately 
t o  0.01 inch: 

Mach number . . . . . . . . . . . . . . . . . . . . . . . . . .  k O . 0 1  
CenterCof-Tity normal acceleration, g U t a  . . . . . . . . .  50.03 
Elevator  position, deg . . . . . . . . . . . . . . . . . . . . .  k0.25 
T o t a l   h o r i z o n t d d a i l  aerodynamic load, lb . . . . . . . . . . . .  *160 
Elevator aerodynamic load, lb (each elevator) . . . . . . . . . .  k60 
Stabi l izer   twist  at midsenispan,  deg . . . . . . . . . . . . .  kO.007 
Stabi l izer   twist  at t i p ,  deg . . . . . . . . . . . . . . . . .  tO.Ol5 
 levat tor twist   ( re l r t t ive  to   s tabi l izer) ,  deg . . . . . . . . . .  +O .07 

Total t a i l  loads.- F m m  figure 2 it is seen t ha t  at a Mach nuniber 
of .0.38 the tai l  load for trim is 2600 pounds in the up direction. With 
increasing Mach m e r  the  t a l l  load for 1 g flight becomes mre negative 
until at M = 0.74, aa shown fn figure 10, a down-tail load of 
4800 pounds is experienced. With a further incream in Mach number 
above 0.74, more  upbail load is  required f o r  trim IYL f igure 12 it is  
seen that at a Mach nlzniber of 0.78 the  t a i l  load f o r  trFm has chasged 
t o  a down load of approximately 2000 pounds. C h a n g i n g  weight Etnd center- 
of-gravity  position axe additional f a c t o r s  contributing  to  the change 
in t a i l  load. 
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As indicated in the figures, the ta i l  load becomes more posit ive 
with  increasing nomnal acceleration. The fncrease is  not linear, 
however, so that the t a i l  load  per g is not a constant  value. The tail 
load per g becoms  greater at the  higher values of  airplane no-- 
force  coefficient,  indicating a forward travel of the wtn@'uselage 
aerodynamic center. 

The t a i l .  load dissgmmetry d i f f e r s  for each m, and except f o r  the 
run made at M = 0.78 (f ig .  E), is lese than pounds. In t h i s  run, 
the right side of the horizontal t a i l  car r ies  as mch a~ 700 pounds 
more down load than the left. 

Elevator  loads and elevator  position.- €LE shown in figure 8, the 
maximum elevator load measured occurred in the rull made at a Mach number 
of o .69. The greatest had on the left elevator was 700 pounds in the 
up direction at the st& of' the run and the greatest  load on the   r igh t  
elevator w a ~  650 pounds in the down direction at the  time of the maxi- 
mum acceleration. 

There is oonsiderable dissymmetry in elevator load, the  l e f t  
elevator c w i n g  more down load fn a l l  runs. The disepmetrg is nearly 
constant  during each mm but varies f o r  the different  runs. The maxi- 
mum disrsgmmetry is approximately 500  pound.^. 

The elevator  position as presented in the figures is that measured 
at the  elevator  inboard end. In all run8 the right elevator is approxi- 
mately 0.5O more up at t h e   m o t  than the left. 

Stabi l izer  and elevator tw5st.- A t  the test al t i tude  both the sta- 
b i l i z e r  and the elevator loads m e  re la t ive ly  amall and therefore 
twisting of  the surfar~es due t o  these lo& is muCL. The mtxdnnm sta- 
b i l i z e r  twist in trim flight occurred during the  M = 0.74 run ( f ig .  lo), 
wihere the t w i s t  at the t i p  of the l e f t  s t ab i l i ze r  is approximately 0.250 
in the nose-down direction. A t  the same time, the twist of  the right 
s t ab i l i ze r  at the t i p  is zero.  

Due t o  limitatfons in the  instrumentation,  the  elevator twist a t  
the start of each run could  not be determined; therefore only incremental 
elevator twists are given for each run. The m a d m u m  incremental  elevator 
twist f o r  the l e f t+ leva to r4 ip  trailing edge was 0.46' down m d  occurred 
i n  run 8. At the same tim, the incremnta l  twist of t h e   r i g h t - e b ~ a t o r -  
t i p  trai'ling edge W&B 0.36' down. 

Buff'et1nR.- The flight reco'rds  indicated that l i g h t   t o  heavy buf- 
f e t ing  was experienced i n  all the  maneuver8 except those made at Mack 
numbers of 0.64,  0.69, esd 0.72 ( f igs .  7 t o  9) *ere the maximum 
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acceleration  reached wa.8 not great e n o m  to  penetrate the buffeting 

buffeting et&s is  indicated In the figures. The qmntitfes presented 
for all rune, however, axe the mea values and do not ehow the oecil- 
lations produced k y  the buffet-. 

I region at the test altitude. The noTm&l"force coefficient at which 
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TABLE I 

COmDITIOPJS OF FIJGEC DURING 

Elevator 
trim tab 
position; 
airplane 
nose up 
(de@;> 

10.5 

8.5 

6.5 

5.5 

4 .O 

2.5 

1.5 

1.5 

2.5 

3.5 

4.0 

3enteMf-@TaviQ 

(percent M.A.C. ) 
poeition 

28.9 

28.27 

28.17 

28.08 

28.02 

27.90 

27.82 

27.77 

27.72 

27.65 

27.56 
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Trim Mach 
number 

0.38 

43 
.48 
.53 

9 59 

.64 

69 

72 

74 

76 

9 78 
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Figure 1.- Three-view d r a w i n g  of telst airplane showing approximate 
locations of strain-gage  bridges  and  deflection-measuring  devices. 



8 NACA RM L50B24a 

Figure 2.- Time his tor ies  of pertinent  quantitiee measured during 
a wind-up r igh t   tu rn  a t  M = 0.38. Airplane  weight, 61,610 pounds; 
center of gravity at 28.34 percent mean aerodynamic chord. 
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Figure 3.- T h e  histories of pertinent  qyantities  measured  during 
a  wind-up r igh t  turn at M = 0.43. Airplane weight, 60,930 pounds; 
center of gravity at'28.27 percent mean aerodynamic chord. 
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Figure 5. - Time histories of pertinent  quantitie8 measured Burin@; 
a wind-up right turn at M = 0.53. Airplane weight, 59,090 pounds; 
center of gravity at 28.08 percent mean aerodynamic  chord. 
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Figure 6." Time histories of pertinent  quantities measured during 
a wind-up right turn a t  M = 0.59. Airplane  weight, 58,500 Pounds; 
center of gravity at 28.02 percent mean aerodynemic chord. 
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Figure 7.- Time historiea of pertinent  quantities measured during 
a wind-up right turn a t  M = 0.64. Airplane weight, 57,440 pounds; 
center of gravity a t  m.90 percent mean aerodynamic  chord. 
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Figure 8.- T h e  histories 0.f pertinent  quantities m e a m e d  during 
a wind-up  right turn at M = 0.69. Airplane  weight, 56,650.pomds; 
center of gravity at  27.90 percent mean aerodynamic  chord. - 



Figure 9.- T h e  h ie tor ies  of pertinent quantities measured during 
a wind-up right turn at M = 0.72. Afrplane weight, 56,280 pounds; 
center of gravity at 27.77 percent mean aerodynamic chord. 



16 NACA RM L50B24a 

Figure 10.- Time his tor ies  of pertinent  quantit ies mesaured during 
a wind-up r igh t  turn at M = 0.74. Airplane weight, 55,780 pounds; 
center of gravity a t  27.72 percent mean aerodyneamic chord. 
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Figure 11.- Time h i s to r i e s  of pertinent quantities meamred during 

a wind-up right turn a t  M = 0.76. A i r p l a n e  w e i g h t ,  55,210 pounds; 
center of gravitg a t  27.65 percent mean a e r o m c  chord. 
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Figure 12.- Time histories of pertinent  quantities meaaured during 
a gradual pull-up at M = 0.78. Airplane weight, 54,390 pounds; 
center of gravity at 27.56 percent m e a n  aerodynamic  chord. 
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